Abstract: The biological responses of osteogenesis and angiogenesis to the ionic degradation products from bioactive glasses (BGs) are being intensively investigated. The promotion of angiogenesis by copper (Cu) has been known for more than three decades, and this element can be incorporated to delivery carriers, such as BGs. In this work, Cucontaining mesoporous bioactive glass (MBG) in the SiO2-CaO-P2O5 compositional system was prepared incorporating 5% mol Cu (MBG-5Cu) by replacing the corresponding amount of Ca. The biological effects of MBG biodegradation ionic products are evaluated on a well-known endothelial cell line, the bovine aorta endothelial cells (BAEC), in an in vivo zebrafish (Danio rerio) embryo assay and their effects compared. The results suggest that both MBG (Cu free) and MBG-5Cu materials biodegradation ionic products promote angiogenesis. In vitro cell cultures show that the ionic dissolution products of the MBG and MBG-5Cu materials are not toxic but promote BAEC viability and migration. In addition, the in vivo assay indicates that MBG (Cu free) material increases vessel number and thickness of the subintestinal venous plexus (SIVP) in 120 hours post-fertilization zebrafish specimens in experiments of both material exposition and microinjection. In vivo results also reveal that MBG-5Cu material possesses a stronger angiogenesis stimulatory effect when compared with MBG and control groups. This is the preprint version of our manuscript, corresponding to the article that has been published in final form at ACTA BIOMATERIALIA with DOI: 10.1016DOI: 10. /j.actbio.2017 Mesoporous bioactive glasses (MBGs) with high specific surface area, well-ordered pores, large pore volumes and controllable amount of ions are interesting to develop controlled drug delivery systems for bone tissue regeneration. Copper (Cu) incorporation to the basic SiO 2 -CaO-P 2 O 5 composition has attracted high interest due to its multifunctional biological properties. Promotion of angiogenesis is one of these properties, which can be integrated to the biomaterial with lower cost and higher stability when compared with growth factors.
Mesoporous bioactive glasses (MBGs) with high specific surface area, well-ordered pores, large pore volumes and controllable amount of ions are interesting to develop controlled drug delivery systems for bone tissue regeneration. Copper (Cu) incorporation to the basic SiO 2 -CaO-P 2 O 5 composition has attracted high interest due to its multifunctional biological properties. Promotion of angiogenesis is one of these properties, which can be integrated to the biomaterial with lower cost and higher stability when compared with growth factors.
This work reports the synthesis and characterization of Cu-containing MBG evaluating its angiogenic properties in the subintestinal vessel zebrafish assay. This transgenic in vivo assay is merging as an alternative model providing short-time consuming protocols and facilities during pro-angiogenic drug screenings. The report shows that the ionic products of this MBG material delivered to the zebrafish incubation media significantly enhance angiogenesis in comparison with control groups. Besides, results indicate Cu ions may exhibit a synergic effect with Si, Ca, and P ions in angiogenesis stimulation both in vitro and in vivo. To our knowledge, this is the first time that zebrafish in vivo assays are used to evaluate angiogenic activity of ionic dissolution products from MBG materials.
Introduction
Studies on potential regenerative therapies are evaluating the use of growth factor-free biomaterials to induce de novo tissue formation and growth to repair wounded tissues.
Examples are found to promote angiogenesis (to induce vascular sprouting and growth) or osteogenesis to repair long bone defects [1] [2] [3] . It has been demonstrated that bioactive glasses (BGs) ionic biodegradation products (e.g. Si, Ca, P and Na) are able not only to induce and stimulate the expression of genes related to osteoblastic differentiation and bone formation [4, 5] but to stimulate angiogenesis in vitro and in vivo [6, 7] . Some authors suggest that biomaterials that produce Si degradation products have stimulatory effects on upregulation of angiogenic growth factors. In vitro assays with endothelial cells have shown that 45S5® Bioglass stimulates vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) secretion [6] . Studies in vivo using mice indicate that BG-coated collagen scaffolds and systems prepared using BGs also induce endothelial cell proliferation and neovascularization by augmenting VEGF and bFGF concentrations [7] . In addition, other biomaterials also based on silica have been found to stimulate VEGF expression [2, 8] .
Copper (Cu) promotion of angiogenesis is known for more than three decades [9] and it has attracted intensive attention due to their low cost and high stability as compared with growth factors [10] . It has been confirmed that Cu is able to promote angiogenesis by stabilizing the expression of hypoxia-inducible factor (HIF-1α) and secretion of VEGF of bone marrow stromal cells, thus artificially mimicking hypoxia, which plays an important role in recruitment and differentiation of cells and in blood vessel formation [11] [12] [13] . Besides, Cu ions may also be involved in extracellular matrix (ECM) degradation and remodeling [14] .
Mesoporous bioactive glasses (MBGs) are advanced BGs with nanostructured porosity, high specific surface area, very high bioactivity and drug delivery capacity [15] . Besides its textural properties and potentiality for 3D-scaffold processing [16, 17] , pro-angiogenic elements, such as Cu, can be incorporated to this system providing new therapeutic properties to the biomaterial. Cu has been recently added to this system to enhance angiogenic activity [18, 19] .
Wu and col. [18] processed MBG-Cu (Cu content 1, 2 and 5% mol) 3D scaffolds by the replica technique. MBG-Cu scaffolds showed a potent anti-bacterial effect and induced bone-related (alkaline phosphatase, ALP; osteopontin, OPN; and osteocalcin, OCN) and angiogenic-related (HIF-1α and VEGF) gene expression in human bone marrow stromal cells (hBMSC).
Previous studies have analyzed the process of angiogenesis primarily using in vitro cell culture experiments. In vivo models to study angiogenesis have been introduced in the field of tissue engineering, including the chorioallantoic membrane (CAM), mouse corneal micropocket, and rodent model assay [20] . These assays have been used to evaluate the angiogenic effects of bioceramics and bioactive silicate glasses and their biodegradation products [7] .
Recently, zebrafish has emerged as an alternative in vivo model to study angiogenesis [21] . Zebrafish (Danio rerio) provides a number of powerful advantages as a model of study due to its rapid external embryonic development, small size, optical transparency, and high number of offspring [22] . Furthermore, zebrafish share a high genetic similarity to humans as approximately 70% of all human disease genes have functional homologs in zebrafish [23] . A tissue-specific germ line-induced transgenic line promotes Enhanced Green Fluorescence Protein (EGFP) expression in all endothelial cells under the Friend leukemia integration-1 (Fli-1) promoter, a well-known endothelium marker in mice [24] . The Tg y1 transgenic zebrafish strain is one of several lines that also shows EGFP expression in endothelial cells during early embryonic vascular development [25] . This is an ideal system to obtain images of both vascular development and adult blood vessels in real time [26] . In this context, zebrafish is a vertebrate model that provides a powerful in vivo screening of angiogenesis stimulators and inhibitors [27] .
The aim of this work is to assess the potentiality of Tg(fli-1:GFP) y1 zebrafish embryo assay for evaluating biomaterials effect on angiogenic promotion. The optical transparence of the developing embryos allows direct observation of blood vessels facilitating the study of angiogenesis. Furthermore, zebrafish is a well-established model organism with cellular and genetic regulatory mechanisms of angiogenesis very similar to those acting in mammalian species [22] . Copper containing MBG was chosen for the study since this type of mesoporous material has been reported to enhance angiogenic activity in vitro [18] . A comparison of the Cu containing material with a Cu free MBG has been performed to study the relevance of Cu over the other Si, Ca and P ionic biodegradation products. Zebrafish angiogenesis assays are conducted by exposure to, or microinjection of, biomaterial dispersion into zebrafish embryos.
These assays are followed by visual inspection of the intersegmental (ISV) and subintestinal (SIV) vessels pattern [28] . Although the effect of silicate ions on bone formation using zebrafish has been recently reported [29] , to the author's knowledge, the zebrafish model has not been used to evaluate the angiogenic effects of bioceramics and bioactive silicate glasses ionic dissolution products.
Materials and methods

Materials preparation
MBG particles with a Si:Ca:P molar ratio of 80:15:5 were synthetized by the sol-gel method incorporating a non-ionic block polymer Pluronic®P123 (EO20-PO70-EO20) template, as previously reported [30] . Sigma-Aldrich). Sols were dried for 3 days at room temperature and aged for 3 days at 80 °C.
Obtained gels were finally heat treated using a heating rate of 1 °C min -1 with two isothermal steps: 400 °C (1 h) and 800 °C (2 h). The final materials were sieved between 10 and 32 µm.
Materials characterization
The particle size distribution of the materials was measured with a Malvern Sizer Laser Diffraction (LD) instrument with an active beam length of 2.4 mm and a 300-RF lens. X-ray Diffraction (XRD) analysis was performed with a PANalytical X'Pert PRO diffractometer using Diffraction (SAED) patterns were obtained using a Philips CM200 with a LaB6 filament as the electron source operated at 200 kV coupled an X-ray Dispersive Energy Analysis System (EDX X-Max 80T, Oxford Instruments), and a CCD (Gatan) camera for image recording.
Preparation of material extracts and dispersions for the biological experiments
For cell culture in vitro assays dispersions of MBG and MBG-5Cu materials were prepared using two different concentrations, 100 mg L -1 and 300 mg L 
Biodegradation
To determine ionic degradation products of materials released during the 5 days of the embryos exposure assay, 3 mL of the experiment medium were collected every 24 h and analyzed by inductively coupled plasma atomic emission spectroscopy (ICP-AES) using a Horiba Jobin Yvon, Ultima 2 model equipped with a 40.68 MHz RF generator, Czerny-Turner monochromator. Fresh E3 medium was also analyzed by ICP-AES as control sample.
Cell Culture
Bovine aortic endothelial cells (BAEC) were isolated from bovine aortic arches, as previously described [33] , and maintained in Dulbecco's modified Eagle's medium (DMEM)
containing glucose (1 g L -1 ), glutamine (2 mM), penicillin (50 IU mL 
Cell growth assay
BAEC were seeded into 24-well plates (500 µL per well) at a density of 30 000 cell·mL
streptomycin (50 μg mL -1 ), and amphotericin (1.25 μg mL -1 ) and supplemented with 10% fetal bovine serum (FBS) under CO 2 (5 %) atmosphere and at 37 ºC. Once the cells attached to the plate the DMEM 10% FBS culture medium was removed and 600 μL of the materials extracts or culture medium (control) were added and incubated at 37 °C for 7 days. Seven wells per condition were seeded initially and every day one well per condition was harvested and counted.
Three independent experiments were performed per condition. Cells from wells were washed with phosphate buffered saline (PBS), cells were harvested in 0.5 mL by trypsinization and added to 10 mL counting solution (Isoton II Diluent, Beckman Coulter). Cell counting from each sample was performed using a particle size counter (Coulter Z2, Beckman Coulter) with
Coulter Z2 AccuComp software. The average number of cells for each single day was then calculated and the values were used to plot a growth curve for each biodegradation extract.
Fresh DMEM medium was also analyzed.
Cell migration assay
The migratory activity of BAEC was assessed using a "wound-healing" assay.
Confluent monolayers in 6-well plates were wounded with pipet tips producing 2 perpendicular acellular lines. After washing with PBS, cells were supplied with 1.5 mL of the material extracts or culture medium (control). Wounded areas were photographed with a Nikon Eclipse Ti microscope equipped with a Nikon DS-Ri2. After an additional 4, 7 and 24 h of incubation, plates were observed under the microscope, and images were taken of the same areas recorded at time zero. Cell migration was determined by image analysis using the NIH Image J 1.6 software. The migration of BAEC into the cell-free area was calculated as the percentage of the initial wounded area (time 0) that had been colonized by the endothelial cells. To examine cell migration differences, cell free area of each wound was measured after each treatment time.
Zebrafish embryo collection
Zebrafish ( 
Zebrafish embryo exposure assay
Twenty four hours-post-fertilization (hpf) Tg(Fli-1:EGFP) y1 embryos were placed in 6-well plate (10 fish per well using 3 mL of medium). Embryos were exposed by immersion in two different concentrations of material dispersions (four dispersions total from Section 2. 
Zebrafish embryo microinjection assay
Twenty four hpf embryos in E3 medium were placed on a slide and microinjected under an optical microscope (Nikon Microphot-FX Fluorescence Research Microscope with a Nikon DS-L1 digital camera). 10 µL of each test material concentration dispersion or control solution was back-filled into a pulled-glass micropipette. The micropipette was then attached to a micromanipulator and connected to a N 2 tank. Using the micromanipulator, the tip of the micropipette was inserted into the embryo and a small volume was expelled from the tip using a positive pressure (650 hPa). Material dispersions and control solutions were injected at a constant volume of 4.18 nL (0.2 mm drop diameter) into the yolk sac region. Injected embryos were then placed in 6-well plate (10 fish per well using 3 mL of media) and incubated for 5 days at 28 °C. Vascular changes (number of vessels, vessel thickness, and the SIVP branching [34] ) with time were quantified by fluorescence microscopy image analysis. Figure 1 displays a schematic diagram of the embryos microinjection assay.
Statistical analysis
The acquired images were analyzed by ImageJ 1.50i, which can be downloaded free of charge from the National Institutes of Health. Data were expressed as means ± standard deviation (SD). Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) version 24 software. Statistical significance was performed in pairs between the experimental group and the "bare medium" control group and was calculated using a Student's t-test. An additional comparison in pairs between all groups of each experiment using the Student's t-test was also preformed (see supplementary information). Differences were considered significant when p< 0.05 (*), p< 0.01 (**) and p< 0.001 (***).
Results
Materials characterization
The physical characterization of the synthesized particles is displayed in Figure 2 . The median particle size determined from the particle size distribution was 22 and 20 µm for MBG and MBG-5Cu respectively. The chemical composition was analysed using XRF (Table 1) confirming the incorporation of a 6.4 % (molar ratio) of cooper for the MBG-5Cu material in good agreement with the 5 % molar nominal ratio as calculated for the synthesis reactive precursors.
WAXRD pattern of the MBG exhibits a broad peak centred at 2Ө ≈ 23° which is characteristic of amorphous glass materials. For MBG-5Cu, two additional incipient diffraction peaks matched with (002) and (111) CuO phase crystal planes (JCPDS 48-1548) are detected.
SAXRD analysis for both materials shows a well-resolved main diffraction peak characteristic of nanopore mesostructure [30] . The main (100) MBG-5Cu peak intensity decreases and shifts to a higher 2-theta degree when compared to the Cu free MBG. This suggest a loss of nanopore order. N 2 adsorption-desorption isotherms for MBG and MBG-5Cu show the typical hysteresis loops characteristic of capillary condensation occurring in mesoporous materials. This observation confirms preservation of a well-ordered mesostructure upon the addition of copper with an average pore diameter of 3.7 nm (Figure 2d ). In good correlation with SAXRD analysis, glasses containing Cu has a significant decrease in the specific surface area, S BET , pore size, and total pore volume ( Table 2 ).
The Raman spectrum for the MBG material shows main bands at 800, 956 and 1080 The TEM micrographs, EDX analysis and SAED patterns of the MBG and MBG-5Cu are presented in Figure 3 . The presence of well-ordered mesoporous channels of MBG is confirmed with a pore channel size diameter of approximately 4 nm, as measured by physisorption ( Table 2) . EDX analysis (Figure 3 ) confirms the Si, Ca, P and Cu composition.
Signal corresponding to Ni is caused by the use of nickel supporting grids. Figures 3c and 3e correspond to two different type areas observed for the MBG-5Cu material. Figure 3c shows a homogeneous zone with round dark features 10-50 nm in diameter decorating the mesostructured substrate. Although no diffraction spots were detected by SAED analysis in this area, Cu presence is confirmed by EDX (Figure 3d) . Figure 3e presents the other characteristic type area showing a big crystal within 50-100 nm range size. EDX analysis of this area indicates higher copper content in this zone.
Materials biodegradation
The materials ionic product dissolution released to the medium during the 5 days exposure of the in vivo assay for the CuCl 2 2H 2 O positive control sample and the two studied material concentrations 300 mg L -1 and 3000 mg L -1 are compiled in Table 3 . As expected, greater material content in the media lead to higher ionic concentration in the exposure media.
Results indicate that Cu was released into the media at 0.005 and 0.171 mg L -1 respectively for the 300 mg L -1 and 3000 mg L -1 material dispersions. The amount of degradation after 5 days was determined to be 4.04 wt. % and 4.79 wt. % for MBG and MBG-5Cu respectively. These values were calculated based on the silicon concentration in solution (determined by ICP-AES), as silicon is the major structural component of the glass. up to the fifth day, but after 7 days the cell population growth for 300 mg L -1 MBG-5Cu extract was significant lower than in the control group (p < 0.01). On the other hand, 100 mg L -1 MBG5Cu extract also produced an increase of cell population growth between days 3 and 6.
Cell growth assay
Cell migration assay
Cell distributions examined after 4 and 7 h wound healing are presented in comparison with the control group in Figure 5 . After 7 h, all groups of BAEC cultures show higher cell migration in comparison with the bare medium control.
Zebrafish embryo exposure assay
At 24 hpf, embryos were collected and exposed to studied dispersions. An increase in the number and thickness of SIVs, was found in the yolk sac region of embryos treated for 5 days with 300 mg L -1 MBG-5Cu dispersion with respect to those parameters in bare medium control group embryos ( Figure 6 ). Average number and thickness of SIVs was measured for all the studied groups as listed in Table 4 . The entire distribution of SIVs thicknesses is presented in Figure 7 .
Results in Table 4 indicate significant differences with respect to the bare medium control group in the SIVs number for those groups exposed to the 300 mg L -1 materials dispersions. Among all assayed groups, embryos exposed to 300 mg L -1 MBG-5Cu material show the highest increase in both number and thickness of SIVs. As shown in Table 4 , a significant increase of the average SIVs number (from 6.2 to 10.6) and thickness (from 6.03 to 7.58 μm) is observed. However, SIVs number and thickness of the 3000 mg L -1 MBG-5Cu material-exposed embryos do not show this behavior. 
Zebrafish embryo microinjection assay
Yolk sacs were examined after 5 days of microinjection. Average SIVs number and thickness were measured in embryos of all the studied groups as listed in Table 5 . In comparison with the bare medium control, no significant differences in the SIVs number were detected for the groups. The SIVs thickness measurements are shown in Figure 9 . A slight increase is observed in embryos injected with the 300 mg L -1 MBG and MBG-5Cu and 3000 mg L -1 MBG-5Cu material dispersions groups. It is worth pointing out that experiments performed using the highest concentration (3000 mg L -1
) of material dispersions showed a visible degeneration in the overall appearance of some embryos. Table 6 shows a quantification of the number of specimens showing moderate kyphosis being relevant in the case of the 3000 mg L -1 MBG-5Cu material dispersion.
Discussion
Bioactive glass has been proposed for bone regeneration therapies [2] . Beside osteogenesis, these therapies require synergistic pro-angiogenic [45, 46] and immunomodulatory [47] effects. In this article, we have exclusively studied the pro-angiogenic effect of Cu, something well-established molecularly [13] . For this, 6.4% mol Cu-containing MBG and Cu free MBG materials were prepared and characterized. The ionic biodegradation products were analyzed in relation to their angiogenic properties in vitro, using BAEC and in vivo using a zebrafish embryo assay. The potentiality of Tg(fli-1:GFP) y1 zebrafish embryo assay has been essayed for evaluating not only the effect of biomaterials on angiogenic promotion but also the relevance of Cu on this effect over the other Si, Ca and P ionic bioactive glass biodegradation products. In our in vivo experiments, copper ions are released by dopped-bioactive glass from extra-embryonic solutions. Angiogenic effects are studied over vessels surrounding these extraembryonic tissues where osteogenesis or inflammation is absent or highly reduced.
MBG and MBG-5Cu characterization using XRD, N 2 physisorption, and TEM confirms the existence of a well-ordered mesoporous structure in both materials although some important Moreover, the still high specific surface area and porosity that a glass material with this structure modifier element shows would result in high reactivity and degradation in an aqueous environment as it has been reported previously for other lattice modifiers [49, 50] . This high reactivity is in fact the main advantage for their application in bone repair. The ionic products of the implanted material delivered to the physiological media lead to crystallisation of hydroxyapatite, which act as a biomimetic matrix at the implant interface. Various studies have also demonstrated that the addition of Sr, Zr, Fe, Zn, Mg and Cu trace elements to MBG materials can lead to controlled degradation and positively influence therapeutic purposes [51] . In this study, biodegradation studies of materials indicate that copper ions are delivered to the media. Besides, when using the low concentration material dispersions of 300 mg L -1 , a slightly higher Si, Ca and P ion concentration was observed for MBG-5Cu in comparison with Cu free MBG.
The success of tissue engineering strategies is dependent on the formation of an effective blood supply to ensure cell viability following scaffold engraftment. Previously, BGs have been reported to promote angiogenesis in vitro and in vivo [52] [53] [54] . 45S5® Bioglass increased secretion of VEGF and bFGF gene expression in fibroblasts, the proliferation of endothelial cells and formation of endothelial tubules in vitro [7] , as well as enhancement of vascularization in vivo in a rat model [52] . Recently, studies showed that the released Si ions from silicate-based bioceramics stimulate in vitro and in vivo angiogenesis [55, 56] . The most widespread idea is that the angiogenic effect is closely related to the pronounced Si-ion release.
More recently, it has been found that calcium increased expression of pro-angiogenic factors [57] . On the other side, Cu has also been shown to influence a number of factors involved in the initiation of angiogenesis, including VEGF [12] , bFGF [58] , and angiogenin [59] . The angiogenic activity of Cu has been attributed to stabilization of HIF-1α and inhibition of PHDmediated hydroxylation, under normoxic conditions [13] . Cu-dependent enhancement of HIF-1α activity positively influences the vasodilation of pre-existing blood vessels, which represents the first stage in angiogenesis [60] .
During the last decades, the understanding of cellular and molecular mechanisms involved in angiogenesis process has been matter of intense research. Bovine aortic endothelial cells (BAEC) are frequently used as an in vitro model for testing pro-/anti-angiogenic features of tested compounds. In the present study we have used BAEC to evaluate the effect of the ionic product of MBG and MBG-5Cu on cell growth and cell migratory capacity. Cell culture showed that the ionic dissolution products of MBG and MBG-5Cu are not toxic to BAEC. In comparison with the bare medium control, a mild proliferation promotion could be measured in the exponential phase of growth curves (between days 3 and 5/6) for both materials using the 100 mg L -1 , whereas after 7 days of incubation the stationary phase of growth was reached. In contrast, 300 mg L -1 extracts produced a significant decrease of cell population in the 7th day of incubation, thus indicating a possible cytostatic effect at such a high concentration of MBG.
Angiogenesis is a multistep process and, therefore, is susceptible to modulation in each of its steps, being one of the first cell migration. We rely on the fact that endothelial cells are mostly quiescent in the adulthood and, for angiogenesis to occur, activation of the endothelium is necessary with the consequent acquisition of both proliferative and migratory capacity of endothelial cells towards the source of the proangiogenic signal.
The wound-healing assay is currently used in specialized literature [61] [62] [63] and is chosen because performed in short times (4 and 7 hours), gap occupation by cells is exclusively due to their migration and not to their proliferation, since there is not sufficient time going to complete a cell cycle. Migration assay showed that material extracts using both 100 and 300 mg L -1 concentrations were able to increase the migratory rate of BAEC, suggesting a proangiogenic effect. However, after 7 days, the 300 mg L concentration. The performed experiment reveals that this ionic Cu concentration has exceeded adequate doses for SIVP angiogenic promotion. This result will agree previous referred toxic concentration for zebrafish of ≈ 0.1 mg L -1 [31, 32] .
Besides, embryos microinjected with both material dispersions show an increase of SIVs thickness although a visible degeneration in the overall appearance of the fish is also observed using the higher concentration (3000 mg L -1 ). This degeneration is more intense in the case of the MBG-5Cu, suggesting an additional Cu toxic effect. Previous work in zebrafish model indicate that the risk of neurodegenerative diseases can be produced exceeding an optimal ionic Cu concentration [65] .
Mild inflammation has been shown to stimulate natural regenerative responses after disorders affecting tooth [66] , bone [67] or dermal connective tissue [68] . We have not observed
clear signs of inflammation in extra-embryonic tissues, such as accumulation of cells in perivitelline tissues, and only cardiac edema has been rarely found (data not shown), potentially as a further sign of toxic effects at high Cu concentrations. Whether Cu toxicity is associated to an intense inflammation or induced pro-angiogenesis is the effect of a mild inflammatory response to low Cu concentrations have not been tested here.
To our knowledge, this is the first time that zebrafish in vivo assays are used to evaluate angiogenic activity of ionic dissolution products from MBG materials. The data obtained demonstrates that zebrafish model is an effective system to evaluate the effects of bioactive ions in short time-consuming protocols and facilities.
Conclusions
In this study, MBG and MBG-5Cu materials ionic products, delivered to the 
